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This dissertation was written as part of the MSc in Strategic Product Design at the 
International Hellenic University.  
 This dissertation includes the design and preparation of hydroponics systems 
for production using 3D printing. The goal is to design hydroponic systems that serve 
the increasing people's needs for access to fresh food and meet the rising trend of 
urban agriculture and home growing. Furthermore, one of the systems is prepared for 
production on International Hellenic University's 3D printer in order to explore the 
possibilities of manufacturing hydroponic systems using this method.    
 In the first chapter, there is an overview of Hydroponics; the history, the six 
most used techniques, the trends, and popular hydroponic structures currently on the 
market. In the second chapter, there is research on the trend of urban farming and 
home gardening and the influence of COVID-19 on it, explaining the philosophy behind 
the hydroponic structures' designs. Chapter two also presents and analyzes the three 
hydroponic systems that are designed using the CAD software "Solidworks". The last 
chapter describes the procedure between the CAD design and the printing process for 
a circular NFT system prototype following an overview of the 3D printing technology.     
  Special thanks to this dissertation's supervisor, Professor Dimitrios Tzetzis, for 
his valuable guidance through these months and to technical laboratory associate 
Manolis Tzimtzimis for his priceless assistance on the design 3D printing preparation 
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Introduction 
The origins of the term Hydroponics are the Greek words Hydro, which means water, 
and Ponos, which means labor, and hence “working water” is its plain meaning. 
Hydroponics is a continually advancing method of growing plants without soil. The 
plants are grown either in a growing medium or directly in the water that contains a 
nutrient mix that can come from many different sources, including fish excrement, 
duck manure, chemical fertilizers, or artificial nutrient solutions. The growing media 
can be perlite, sand, rock wool, or wood fiber, and its primary role is to support the 
roots, circulate the nutrients and water, and keep the roots oxygenated.  
In a sense, Hydroponics was invented to rule out the influence of Mother 
Nature, and therefore the Hydroponic systems can be placed in a controlled growing 
environment, usually indoors or in a greenhouse. This means that the growers have full 
control of the environment, climate, temperature, lights, ventilation, etc. One of 
Hydroponics' main advantages, which is the decrease in water usage for agriculture, 
could make it possible to grow plants in a harsh environment with little water access.  
The term Hydroponics has been used to describe the means of growing both 
food and ornamental plants without soil and in the bibliography; it is often 
synonymous with the term Soilless Culture. Other terms include Hydroculture, which 
refers to passive Hydroponics where plants are grown in an inert porous medium, and 
the water is transferred to the roots by capillary action, or Aeroponics, which is the 
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1 Hydroponics Overview 
Plants have been grown in soilless culture since ancient times, even if this method has 
not been identified directly as Hydroponics. Hydroponic cultivation has evolved from 
primitive types and has been a topic of intense scientific research over the last 
centuries. 
1.1 The History of Hydroponics 
Hydroponics' origins can be traced back at around 600 B.C. and the Hanging Gardens 
of Babylon, one of the Seven Wonders of the Ancient World, which are believed to 
have functioned according to hydroponic principles. The area had a dry climate that 
rarely saw rain, and the Babylonians managed to overcome these harsh cultivation 
conditions by using a chain pull system, which carried water up from the Euphrates 
River, and after flowing through all the garden structure levels, it ended up back to the 
river. Furthermore, Ancient Egyptian hieroglyphics from around the same period 
depict the growing of plants in the Nile River without soil. 
The next reports on hydroponic farming come during the 10th and 11th centuries. The 
Aztecs at Lake Tenochtitlan were unable to grow plants at the marshy shore and 
developed a floating garden system. The floating gardens, the “chinampas”, were rafts 
made out of stalks and roots topped with sediment from the lake bottom. Figure 1 
shows the “chinampas”. The plants were grown on top of these rafts, and their roots 
would reach the water through the raft. Marco Polo discovered similar floating 
gardens in the late 1200s on his visit to China.  
 
Figure 1: The Aztecs’ “chinampas” (Source: https://ezgrogarden.com/history-of-hydroponics-
2/aztec-chinampas-of-central-america/) 
The first scientific approach to the soilless culture came by Leonardo da Vinci, who 
noticed that plants and crops need to absorb minerals to survive; with findings 
including the famous branching rule that "all the branches of a tree at every stage of 
its height when put together are equal in thickness to the trunk", were published after 
his death.  
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The first experiment on plant growth requirements was conducted in 1600 when 
Belgian Jan Van Helmont showed that plants obtain substances from water. The 
earliest extensive research on soilless techniques was published in 1627 by Sir Francis 
Bacon and sparked great interest and generated a trend of research into Hydroponics. 
Until the end of the 17th century, some significant discoveries were made. Jean 
Baptista van Helmont, a Belgian chemist, proved that plants obtain the necessary 
minerals and nutrients from the water, and John Woodward showed that plants grow 
better in impure water than distilled water.  
The next breakthrough that laid the foundations of modern Hydroponics was creating 
the first standard nutrient solution dissolved in water by Julius von Schaps and 
Wilhelm Knop in 1860. This solution made it possible to grow roots without any 
medium. After a short break, interest in Hydroponics was revived in the 1920s when 
the greenhouse industry expressed interest in its use. At the same time, a Berkeley 
scientist, William Gericke, promoted the use of Hydroponics by growing massive 
tomatoes in his home using only water and nutrient solutions. His operation met 
tremendous success with newspapers proclaiming it the agricultural revolution, and he 
was the first to use the term Hydroponics.  
In the next years, hydroponic farming was used to grow crops for troops on Pacific 
Islands during World War II. More countries worldwide developed Hydroponics for 
commercial farms and greenhouses by the next decades. The mainstream adoption of 
plastics in the 1970s was a crucial milestone that made Hydroponics cost-effective and 
led to the invention of many hydroponic systems that are in use today.   
1.2 Advantages and disadvantages of Hydroponics 
Growing plants in soilless culture has many advantages over traditional farming; 
however, some limitations and constraints emanate from Hydroponics' characteristics. 
1.2.1 Advantages of Hydroponics 
Hydroponics' main advantage is the increased productivity combined with a higher 
quality of the crops deriving from the better control of the nutrient solutions provided 
to the plants and the ability to plant more seeds in less space. It is estimated that 
soilless culture requires only one-fifth of the overall space compared to soil-based 
farming, and this space can be used continuously- after a crop is collected, the next 
one is ready to be planted. Furthermore, the complete control of the environment that 
is achieved in hydroponic systems (roots environment, timely nutrient feeding, light, 
temperature, humidity, etc.) leads to reduction or total elimination of soil-related 
diseases and infections that can be traced and eradicated immediately, and this results 
in healthier crop production.  
All soilless culture methods have much fewer needs in water and nutrients. 
First of all, in closed systems, water and nutrients are being recycled and reused, 
meaning that the cost is being reduced dramatically, and at the same time, the 
environment is being protected from the chemical nutrient solutions that stay inside 
the system. Hydroponic systems require almost ten times less water than traditional 
fields. Soilless culture is an ideal alternative solution to places where the soil is not 
suitable or not available, or there is a water shortage, such as deserts. Finally, the labor 
costs are much lower since Hydroponics is a "clean" and very easy type of farming that 
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does not require field preparation, weeding, or cultivation operation, just the system's 
initial installation. 
1.2.2 Advantages of Hydroponics 
Despite the plethora of advantages in Hydroponics' use, some significant constraints 
need to be considered. The most significant disadvantage of a hydroponic system is 
that it requires a higher initial investment than soil culture. The installation cost 
depends on the type of system installed, the management and control services 
adopted, the country, and many other factors and is significantly higher than regular 
farming.  
Another issue is the specialized skills and knowledge required to properly run a 
hydroponic system plantation. The personnel needs to be trained on the control of the 
systems, have knowledge of how the plants are grown and which nutrient solutions 
should be used each time, be able to manage appropriately the restricted area in 
which the plants are grown, and observe the rapid reactions of the plants to the 
nutrient solutions provided. Furthermore, closed hydroponic systems face the risk of 
disease infections like Fusarium and Verticillium that spread quickly on the same tank, 
and even if it can be easily combated if noticed in time, it is one more issue to be taken 
into account. 
1.3 Types of Hydroponic Systems 
Soilless culture includes all the systems in which a plant can be grown without the use 
of soil, and the water and minerals are supplied in the plant in the form of nutrient 
solutions, so a hydroponic system should be able to deliver the nutrient solution to the 
plants most reliably and efficiently. Every hydroponic system must provide the correct 
mix and balance between water and nutrients to the roots, achieve a high level of gas 
exchange between the roots and the nutrient solution and protect the roots from 
dehydration.  
A hydroponic system can be either active, which includes a mechanical means; 
usually a pump, recirculating the nutrient solution, or passive, which relies on capillary 
action or the absorption of the growing media to supply the roots with the nutrient 
solution. These systems are categorized as recovery or non-recovery. Recovery 
systems reuse the nutrient solution, while in non-recovery systems the solution is 
applied and vanish. Another way of characterizing a hydroponic system is the use or 
not of a growing medium (e.g., stone wool, perlite, peat, pumice, etc.). There are 
mainly six types of hydroponic systems. 
1.3.1 The Wick System 
It is the simplest type of Hydroponic system. It consists of a reservoir with the nutrient 
solution, a growing tray, an air pump to pump the air in the water, and an air stone to 
distribute the air inside the reservoir and the wicks. In the Wick System, a growing 
medium is put in the growing tray, and the plants are grown in the medium. It is a 
passive system, which means that there are no moving parts, and the nutrient solution 
is drawn into the growing medium by capillary movement via an absorbent "wick". 
Figure 2 shows a basic Wick System structure.   
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Figure 2: The Wick System (Source: https://www.trees.com/) 
The Wick system is straightforward and cheap and does not require the use of 
technology and electricity. Also, it recycles the nutrient solution and is almost self-
operated, meaning it does not need regular observation by the farmer. Even the 
quantity of nutrient solution required by the plants is regulated by itself according to 
the plant needs. On the contrary, this system is not suitable for large plants that 
consume much water faster than the wicks can supply it and it cannot be used in large 
structures. Furthermore, it cannot be used for vertical farming or multilayer gardens. 
1.3.2 Deep Water Culture 
Deep water culture is the simplest active, recovery hydroponic system. The wick 
systems' difference is that the plants are put into net pots held by a platform usually 
made of Styrofoam that floats directly on the nutrient solution. Like the wick system, 
the air is distributed inside the reservoir by an air stone and the plants are put inside a 
growing medium. However, in this system, the roots submerge directly into the water 
and consume the oxygen supplied. Figure 3 shows the structure of the Deep Water 
Culture System.  
 
Figure 3: The Deep Water Culture System (Source: https://www.trees.com/) 
This system is very inexpensive and is ideal for fast-growing water-loving plants 
such as leaf lettuce or other short stature crops. On the other hand, it is not suitable 
for large plants. Another setback is that the nutrient solution is practically still, and 
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cleaning can only be done when the system is not working, making it more vulnerable 
to pathogen growing. Like the Wick System, it cannot be used in vertical farming.   
1.3.3 Nutrient Film Technique (NFT) 
NFT is an active, recovery hydroponic system, but it does not require a growing 
medium, unlike the previous systems described. In this system, there is a pump inside 
the reservoir that pumps the nutrient solution continuously onto the growing tray. The 
growing tray is an inverted "V" shaped channel that is closed on all sides like a tunnel, 
and the plants are placed on top of the tray into small baskets without a growing 
medium. The roots grow down along the channel receiving the nutrient solution that 
flows continuously inside the tube, which has a small downward gradient. Eventually, 
the nutrient solution ends up back in the reservoir. Figure 4 shows the structure of the 
NFT System. 
 
Figure 4: The NFT System (Source: https://www.trees.com/) 
NFT systems require little nutrient solution because it is recycled so that the 
reservoir can be small-sized. Another advantage is that the plants' pH is kept steady 
because the roots are always partly inside the nutrient solution and partly in the air. 
The roots can be inspected quickly by removing the pots from the growing tray since 
there is no growing medium. The most challenging part of this process is maintaining 
the nutrient solution's flow when the roots grow and form big layers on the bottom of 
the tray. If the flow is interrupted, the roots dry out rapidly. The absence of a growing 
medium makes the NFT not suitable for large plants that require support, and their 
roots may block the flow of the nutrient solution. 
1.3.4 Ebb and Flow (Flood and Drain) 
In the Ebb and Flow system, the nutrient solution is pumped up into the growing tray, 
which is flooded, allowing the plants to absorb the water and nutrients, and after 
some time, it flows back on the reservoir. This procedure's duration is set by a timer 
connected to the nutrient solution pump and is repeated several times a day, 
depending on the plant and the conditions of the system (temperature, humidity, etc.). 
It is an active, recovery system and the plants are grown in a medium. It suits best for 
small plants like herbs and small quantities, so it works best for home use. Figure 5 
shows the structure of the Ebb and Flow System.  
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Figure 5: The Ebb and Flow System (Source: https://www.trees.com/) 
The most important advantage of this system is that the roots are perfectly 
aerated. The nutrient solution is also not stable around the roots, so the danger of 
growing algae, bacteria, or pathogens is reduced. Furthermore, Ebb and Flow systems 
are suitable for most crops regardless of their roots size or other restrictions that 
emerge in other systems. This system's most significant difficulty is the complexity of 
set up and run because it consists of many components. Another big problem can 
occur if the timer is set wrongly, messing up the watering cycles and causing the roots 
to dehydrate. Considering these, it is easy to conclude that Ebb and Flow systems 
require in-depth knowledge and expertise on the crops' needs and the systems' 
operation. 
1.3.5 Drip System 
Drip systems operate similarly with the Ebb and Flow systems. The difference is that 
the nutrient solution is pumped from the reservoir and transferred onto the plants' 
base via drip lines. Drip systems can be either recovery or non-recovery. In recovery 
systems, the nutrient solution that the plants do not collect returns to the reservoir to 
be re-used, and in non-recovery, it does not. Non-recovery drip systems require more 
precise watering cycles in order for the nutrient solution to have maximum efficiency. 
On the other hand, recovery systems require more maintenance and pH adjustment 
on the nutrient solution. Figure 6 shows the structure of the Drip system. 
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Figure 6: The Drip System (Source: https://www.trees.com/) 
Drip systems can be adapted and grow each plant, even fruit trees, with slight 
modifications. Aeration on this system is achieved very easily, and the nutrient 
solution provided on each plant is controlled entirely. Another advantage of Drip 
systems is that plants do not grow in stagnant water, and each plant is irrigated 
individually, so infections are very unlikely to happen. Furthermore, it is suitable for 
vertical farming and its shape can be adjusted so that it fits in many places. On the 
contrary, one disadvantage is that it consists of many pipes, so leakages can happen at 
any time. 
1.3.6 Aeroponics 
As its name declares it, in this type of system, plants are hung in the air in an enclosed 
space called aeroponics chamber, and no growing media are used. The nutrient 
solution is pumped from the reservoir and sprayed onto the roots in frequent spray 
cycles set by a timer. This system is similar to the NFT because the roots are exposed 
to the air, and the misting needs to be done every few minutes; otherwise the roots 
will dehydrate. Figure 7 shows the structure of the Drip system. 
 
Figure 7: The Aeroponic System (Source: https://www.trees.com/) 
The most significant advantage of Aeroponics is that it consumes much fewer 
nutrients and water. It is a very productive system that produces higher yields than 
every other system and is suitable for many crops.  Also, it can be built in many shapes 
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and is suitable for vertical farming. On the other hand, it has a higher setup and 
operation cost consuming more electricity than other systems. Finally, it is challenging 
to maintain the conditions inside the chamber stable and keep the misting cycles brief 
and stable. 
1.4 Hydroponics Market 
Hydroponics is a fast-growing market since more and more companies and countries 
realize the advantages of hydroponic farming as a method for covering the increased 
needs for food supply deriving from the increase in population worldwide. The global 
hydroponics market was estimated at USD 8.1 billion in 2019 and USD 9.5 billion in 
2020. It is projected to have an annual growth rate of 11.9% and reach a revenue of 
USD 16.6 billion by 2025. It is a highly developing market, and the leading companies 
spend much money on research and development activities to achieve improvements, 
develop more advanced systems and reduce costs.  
1.4.1 Market by region 
Asia-Pacific holds the largest share in the hydroponics market since countries such as 
China, Australia, South Korea have already adopted hydroponic technologies on a large 
scale. This market is expected to escalate further due to the emerging urban farming in 
China and India. Another large hydroponic market is Europe, with many developed 
countries overcoming land scarcity that resulted from industrialization by developing 
hydroponic farming structures. The growth in the hydroponics market in Europe is also 
a result of the direction from the European Environment Agency (EEA) in 2010 that 
encouraged vertical farming as a measure to combat climate change and produce food 
more healthily.  
The market that is expected to achieve higher growth over the next five years is 
North America. There is a high demand for fresh fruit and vegetables, and big urban 
places in the USA and Canada adopt hydroponic techniques in rooftops to cover this 
need. Furthermore, some of the world's leading companies like AeroFarms, 
AMHYDRO, Argus Control Systems Limited, Terra Tech Corpand and LumiGrow operate 
in North America.   
1.4.2 Market by system type 
In Hydroponics, plants are grown either with a growing medium or by directly exposing 
their roots to the nutrient solution. Based on that characteristic, the hydroponics 
market is classified into aggregate and liquid systems. Liquid systems are estimated to 
hold the largest market share than the aggregate systems.  The most crucial benefit of 
liquid systems is that they can support vertical farming, which is a considerable 
advantage when the available place is limited, and therefore they provide maximum 
yields.  
Furthermore, the cost-effectiveness of liquid systems such as the Deepwater 
culture and Nutrient Film Technique (NFT) make them very popular to farmers and 
hydroponic companies. These systems are the most preferred ones in the developed 
countries for lettuce and other leaf vegetable cultivation. At the same time, liquid 
systems are expected to expand and capture even more market share until 2025.  
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1.4.3 Market by crop 
In terms of crops grown hydroponically, vegetables hold the biggest market share 
globally. Requiring less water and growing faster, vegetable farming using the 
hydroponic method grew a lot over the last years and is expected to grow even more. 
More specifically, tomatoes are the largest hydroponically cultivated crops worldwide, 
holding more than 30% of the market share (2018 and 2019 data). In Europe and the 
Asia Pacific, it is estimated that by 2025 most tomatoes will be cultivated using 
hydroponic methods.  
Another type of vegetable that is very popular in hydroponic farming is leafy 
vegetables, such as spinach and lettuce, that are consumed raw and on a large scale, 
especially by big fast-food franchises like McDonald's, KFC, Burger King, etc. The high 
demand for leafy vegetables is expected to boost hydroponic farming and lettuce 
farming is estimated to face an annual growth of 25% for the next years until 2025. 
1.4.4 Covid-19 effects 
The covid-19 pandemic caused massive changes and adjustments to people's life. The 
agricultural industry is no exception. In the first months of the pandemic, food 
production and distribution faced labor shortages, falling prices of products, disruption 
of logistics, etc. Furthermore, people grew more concerns about health issues showing 
more interest in home cooking and homemade meals. Even at a national level, many 
countries reviewed their dependence on imports of food and tried to enhance their 
production.  
Many reports indicate that Hydroponics is expected to play an essential role in 
these issues raised by the pandemic. Hydroponics can give answers to food security, 
quality and self-dependence concerns both at individual and collective level and 
adoption of urban hydroponic farming systems are estimated to rise even more when 
the pandemic is over. 
1.5 Hydroponic Systems That Stand Out in the Market 
The hydroponics market consists both of big farming companies that operate large-
scale hydroponic structures and individuals that use small hydroponic systems at 
home. Some hydroponic systems stand out in the market and are very popular among 
growers.  
1.5.1 Small home kits 
Urban farming has become quite popular in the last years with more and more people 
realizing the benefits of healthy food and pursuing the idea of having their garden 
inside their home. Hydroponics is on the focal point of this trend since it offers higher 
yields in a small amount of space, making it the ideal method for home growing. Many 
companies have designed home hydroponic kits that can be a small garden and, at the 
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Akarina 01 
 
This is a very easy-to-use kit based on the Deep Water Culture method that includes 
three removable culture trays and a LED light programmed to work for 16 hours a day 
but can also be adjusted with a timer. It is ideal for leaf vegetable or small crop 
cultivation, and a growth cycle lasts about 40 days. Watering is very easy and is 
required once to twice a week. Its white exterior makes algae very noticeable, and it 
can be removed on its early stages.  
 
Miracle-Gro AeroGarden Harvest 
 
This system includes six pots and an LED system with a timer. There is also a control 
panel that informs the user when water and nutrients need to be added, so it is 
straightforward for non-professional farmers to use it. It is very simple to assemble, 




The Tower Garden is an Aeroponics growing system that offers maximum yields on a 
particular surface by taking advantage of the height and the hydroponics capability of 
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vertical farming. It is a system where up to 20 plants can be grown; however this 




It is a fully-automated kit that combines various hydroponic methods such as Deep 
Water Culture and Aeroponics that helps the plants achieve higher growth rates. It has 
eight growing pots and is fully assembled, including a water pump, two air pumps and 




The Phytopod-3 Hydro is a vertical farming hydroponic system that can accommodate 
30-60 plants such as lettuce, spinach, basil and strawberry in 4 to 6 weeks. There is a 
reservoir with a nutrient solution in the base that is circulated by a pump to the roots 
in the growing medium. The roots are planted in a 12inch diameter planting module 
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This system, as referred by its name, is placed by the window and uses natural daylight 
for plant growth. It consists of four columns that mount or hang from the window and 
an automated water pump. The nutrient solution is pumped from the reservoir at the 
base of the system up to the top bottle and trickles down to each bottle and the 
plants' roots along the way.    
 
The Volksgarden Omega garden 
 
The Omega Garden Volksgarden is a unique rotary, internationally patented 
hydroponic system designed to achieve maximum yields. This system offers a lot of 
growing space to fit up to 80 plants. It operates by rotating around the light, and the 
plants are grown inside a growing medium. 
1.5.2 Commercial hydroponic systems 
The hydroponics industry is growing, and professional farmers apply hydroponic 
methods in large-scale structures. Even though it requires a higher initial investment, a 
hydroponics farm offers excellent long-term benefits, and there are many hydroponic 
structures built for commercial use.  There are various systems in the global market 
that support all hydroponic methods, and each one of them is adopted according to 
each farm/facility's needs.    
 
Botanicare Slide Bench System 
 
It the most cost-effective commercial hydroponic system. The grower can choose the 
dimensions according to his grow room needs since it comes in many sizes. The 
Botanicare Slide Bench System can be used either for Ebb and Flow or Drip hydroponic 
method. The most significant advantage of this system is that it has no aisles, so the 
benches with the growing pots can be moved in both directions eliminating the wasted 
space and increasing the yields.  
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Under Current PRO 
 
Under Current PRO is manufactured by Current Culture, a leading hydroponics brand. 
It works based on the Deep Water Culture method and consists of many growth 
modules connected to the main reservoir and receive the nutrient solution. This 
system is ideal for large plants and facilitates big greenhouses to manage many of 
them simultaneously, which is impossible in regular farming.  
 
WaterFarm 8-Site Drip System 
 
Water farm is built by General Hydroponics and is considered the best Drip system in 
the market. It is designed primarily for commercial use, but it can be used by home 
growers also. It has eight growth modules connected with the main reservoir, and the 
whole system is controlled by an integrated controller that regulates the nutrient 
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2 Design of Hydroponic systems 
In this dissertation, three hydroponic structures were designed based on three 
hydroponic techniques – Nutrient Film Technique, Aeroponics, and Drip system. These 
hydroponic systems support vertical farming, and all designs are small kits suitable for 
home use. The main reason for designing systems for home growing is to meet the 
growing trend of urban agriculture and the need of people living in large cities to have 
direct access to fresh fruits and vegetables. 
2.1 Urban agriculture and home gardens 
Over the last decades, the urbanization rates have increased on a large scale, with 
more and more people leaving the rural areas and settling in large cities. In 2007, for 
the first time in history, more than half of the global population was living in urban 
areas, and in many European and Asian countries, this proportion was up to 70%. In 
2020 it was estimated that the number of people living in cities was 54% of the total 
population, and researches indicate that this upward trend will continue until at least 
2030, when 60% of the global population will live in urban areas.  
The rise in the number of people living in cities raises major concerns on the 
sustainability and development of urban areas. In many developing countries, 
urbanization has created poor living conditions for people living in poverty and even 
lacking access to sufficient nutrition. Furthermore, the increase in total global 
population and climate change that resulted from urban lifestyle has led to scarcities 
of productive agricultural land in many regions of the world. The COVID-19 pandemic 
has caused many problems to large cities highly dependent on imports of energy, 
materials, and food and exposed many flaws in their operation. In an unprecedented 
situation, large urban areas faced lockdowns, border closure, and mobility restrictions, 
which caused disruptions to the food supply and distribution systems, putting the 
population's access to fresh food at risk.  
To face the challenges of urbanization and deal with crises like the COVID-19 
pandemic efficiently, governments realized the need for cities to adapt and take steps 
towards more self-sustainable models. To do so, it is essential to build a strong food 
production chain inside the urban areas. Urban agriculture is considered to be very 
beneficial for the sustainable development of cities, not only in environmental aspects 
but also economically, by contributing to energy and water efficient usage, reducing 
pollution, and boosting waste recycling. Large or small-scale infrastructures such as 
home, community, or rooftop gardens, greenhouses, and other green places inside the 
cities improve food security and ensure food access to local communities by reducing 
the need for transferring it from long distances. Figure 8 shows a rooftop garden in 
Hong Kong. It is estimated that currently, 15-20% of the worlds' food is supplied by 
urban agriculture activities.  
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Figure 8: Rooftop Garden in Hong Kong (Source: gogreenhongkong.com/) 
The home garden is a type of urban agriculture that provides direct access to 
fresh and nutritious vegetables and fruits. The level of engagement in-home growing in 
urban settings differs around the world; however, a home garden can provide from 
20% to 60% of the total food consumption of a family. In large cities, where most 
people live in apartments, these home gardens are set indoors in small structures that 
produce high yields, usually leafy vegetables or herbs.  
Due to the lack of land for agriculture in urban areas, the technique that is 
becoming more and more popular, mostly in indoor, controlled environments such as 
greenhouses or homes, is vertical farming in which the plants are arranged in layers. 
Many hydroponic systems support vertical farming, and in addition to the high yields 
they produce, they are ideal for home growing, becoming increasingly popular over 
the last years. Addressing this trend, the systems designed in this dissertation respond 
to people's need for fresh vegetables and fruits, combining these two techniques that 
ensure maximum yields and quality. 
2.2 Design principles 
Hydroponics is a complicated method, so building and operating a hydroponic system 
hides many risks. Before designing the structures in this dissertation, it was required to 
take into account a lot of parameters so that the systems meet some essential criteria 
in order to be considered successful. 
 
Functionality 
The most critical parameter to consider was the functionality of the systems designed. 
It was a very challenging task because the three systems that were designed follow 
different hydroponic methods (NFT, Aeroponics, Drip system), which means that in 
every design, the parts work under different rules and demand special requirements in 
order to fulfill their role and form a functional hydroponic system, suitable for plants 
growing.       
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Repair and maintenance  
Hydroponic systems are dynamic structures that need to be supervised regularly by 
the user because the risk of malfunctions and failures is always visible. Furthermore, 
maintenance and cleaning are required very often, so all the parts need to be easily 
abstracted by the main structure. All three systems consist of many parts that are very 
simple to assemble and disassemble for maintenance, repair, or replacement. 
 
Compact 
The most crucial barrier in urban agriculture and home gardens is the lack of space and 
land for growing. People have developed new techniques such as vertical farming and 
Hydroponics that produce higher yields in fewer surface places to overcome this 
barrier. The hydroponic systems that were designed are small kits based on the vertical 
farming technique that supports the full growing process of a plant while consuming as 
little space as possible. Considering that an average apartment has limited free space, 
every structure was designed so that it can fit in narrow places such as a kitchen 
counter or a window sill, and all their parts form a compact body.  
 
Aesthetics 
Although the primary use of the hydroponic kits is to grow fruits and vegetables, their 
appearance also matters because they are placed inside the house at visible spots. To 
be aesthetically pleasing was a major consideration when these systems were 
designed to also act as a decoration element. 
 
Simplicity 
All systems consist of many different parts, so the designs should not be complicated 
in order for the parts to be easily assembled without confusing the user. This is why all 
parts in each system have simple shapes and clasp with each other very easily. 
However, simplicity in these structures does not come with discounts in the quality, 
and every system is designed to operate in its full capability.       
 
Producibility and logistics 
The hydroponic systems created in this dissertation were manufactured by 3D printing. 
However, simplicity in design allows every part to be also produced with other shaping 
processes for plastics more suitable for mass production, such as extrusion for the 
pipes and injection or compression molding for the reservoir and grow trays. 
Furthermore, all structures are assemblable, so the parts can be packed and 
transported in large quantities consuming less space.. 
2.3 The Circular Nutrient Film Technique System 
Nutrient Film Technique Systems are closed hydroponic systems that do not require a 
growing medium for roots' support. In a typical NFT system, the nutrient solution flows 
through a tunnel, on top of which are placed the plants into small baskets, and their 
roots grow down into the channel, receiving the nutrient solution. Among other 
advantages, this type of hydroponic system supports vertical farming by putting the 
growing trays one above the other and uniting them with pipes so that the nutrient 
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solution rolls down from the upper floors to the next ones. Figure 9 shows a vertical 
NFT system.  
 
Figure 9: Vertical NFT system (Source: www.pinterest.fr) 
NFT techniques are currently used mostly in large-scale commercial farming 
structures. The system designed is an assemblable, multi-floor, circular structure that 
supports home growing. Figure 10 shows a two-level version of the system.    
 
Figure 10: The circular NFT system 
This system works like a typical NFT system. An air pump distributes air in the 
nutrient solution inside the reservoir; a water pump bumps it to the highest grow tray, 
and then it circulates through every floor until it ends up back to the reservoir. Apart 
from the circular shape, the grow trays have a slight gradient that allows the nutrient 
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solutions to flow easily and recirculate. Each floor has six holes where the growing pots 
are put and is supported in three spots by a column in the middle of the circle that is 
embodied inside the reservoir. In that way, the reservoir, shown in Figure 11, which is 
grounded, operates as the supporting system of the whole structure at the same time, 
and therefore, extra space is saved because the reservoir is a part of the main system, 
unlike most NFT systems. 
 
Figure 11: The reservoir of the system 
The simplest form of this system, consisting of just one floor, has six parts that 
are constructed separately and are assembled by the user. These are the reservoir with 
the three-spot supporting column in the middle, the two-part grow tray, shown in 
Figure 12, that is united in the middle, and three pipes, shown in Figure 13, that pump 
the water from the reservoir to the grow tray and are placed on the interior of the 
supporting column. The structure can be expanded by adding extra floors of growing 
trays assembled the same way as the first ones and connected to the other floors by a 
tube (Figure 14). In that way, the system's capacity can be adjusted according to the 
needs of each user. 
 
Figure 12: The two-part grow tray 
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Figure 13: The pipes that form the piping system 
 
Figure 14: The connecting tube 
Assembling the system is very easy, even for amateur growers with no 
experience in Hydroponics. The two parts of the growing tray unite in a single body by 
just fitting the one into the other using one small recess in the end. The same stands 
for the tubes that transfer the water from the reservoir to the grow tray. Adding extra 
floors requires just an extension (Figure 15) that fits on top of the central supporting 
column in the middle of the system and tubes that connect the exit of a floor to the 
entrance of the next one. Each floor is put on the three supporting planks that are 
distanced equally and placed in different heights of the column to match with the 
gradient of the growing tunnel.      
 
Figure 15: The extension 
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This structure takes advantage of the benefits the NFT techniques provide and 
applies them in a compact system that fits inside a house, even on top of a table or a 
kitchen counter. As every NFT system that uses no growing medium, it is ideal for 
growing leafy vegetables like lettuces and other cooking ingredients, providing them 
directly from production to consumption. 
What differentiates this system from other NFT systems is its circular shape. 
This structure does not require lengthy surfaces because its area is shared equally in 
length and width, making it suitable for indoor growing. Furthermore, the systems' 
capacity is defined by the user based on his/her needs by easily assembling extra floors 
that provide additional plant spots without using extra surface area.  
Another essential feature of this design is that the reservoir is embodied inside 
the system, saving more space and operating as the base for the central supporting 
column. Also, this structure requires much less pipe length for the nutrient solution 
circulation than regular NFT systems since the end of a floor is very close to the next 
one's entrance, and the tubes that transfer the solution the water from the reservoir 
to the grow trays are placed internally. Therefore it is more comfortable to inspect the 
whole system operation and reduce the risk of malfunctions and leaks through the 
whole procedure.  
Concluding, this structure is a small hydroponics home kit that operates 
differently than any other currently in the market, based on the NFT technique 
principles and being adjustable in size and growing capacity. It can serve a household's 
needs in fresh vegetables since it achieves maximum yields and fast growth by 
consuming fewer resources in water and nutrients. 
2.4 Aeroponics Pyramid 
Aeroponics is a hydroponics technique with great advantages and is suitable for both 
commercial and personal use. Comparative studies have shown that plants grown in 
aeroponic systems offer higher yields without lacking in compounds such as phenolics, 
flavonoids, and antioxidant properties compared to soil-grown plants. Furthermore, 
herbs cultivated in Aeroponics contain higher vitamin C levels than those in soil. In 
general, Aeroponics is considered a safe and environmentally friendly cultivation 
method due to the reduced water and energy requirement for plant growth. In a 
typical aeroponic system, the plant's roots are hanging in the air inside a sealed 
structure being sprayed with water that contains the nutrients. Usually, the reservoir is 
embodied in the system so that the nutrients solution immediately flows back and 
recirculates. It is a method that supports vertical farming, and systems using this 
technique can be of any shape and size. Figure 16 shows a vertical Aeroponics system.  
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Figure 16: Vertical Aeroponic system (Source: www.amazon.com) 
Urban farming and home growing are becoming more and more popular 
nowadays, and there are many hydroponic home kits based on aeroponic principles. 
Most of those structures are cylinders with holes in the perimeter where the plants are 
put, and their roots are hanging inside the cylinder where they are sprayed with the 
nutrient solution. The plants receive the necessary light for their growth either 
naturally by putting these kits by a window ("window farming" is an emerging trend) or 
artificially by led panels embodied in the kit.    
The structure designed, shown in Figure 17, is based on the same, simple 
principles used in other aeroponics home kits, there is an enclosed chamber where the 
plants' roots are hanging in the air, and the nutrient solution is pumped from the 
reservoir, which is right beneath the chamber, and sprayed into the roots.  
 
Figure 17: The Aeroponics Pyramid 
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The main structure consists of two parts. The first part is a rectangular reservoir 
that is also the base (Figure 18) of the whole system and contains water and nutrients. 
The other part is a pyramid-shaped chamber (Figure 19) with 24 holes on three levels 
where the growing baskets (Figure 20) are placed. This aeroponics structure also 
includes a pipeline system that pumps the nutrient solution from the reservoir and 
sprays it to the roots. It is straightforward to assemble by placing the pyramid chamber 
on top of the reservoir and connecting the pipe system into a water pump inside the 
reservoir.  
 
Figure 18: The base of the system   
 
Figure 19: The chamber 
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Figure 20: Growing basket 
It is a compact design, with all its parts forming one body, making it very easy 
to operate and handle any malfunctions. Furthermore, like every structure supporting 
vertical farming, it is ideal for places where the space is limited, such as kitchen 
benches, living room tables, or window sills. The system needs to be installed in places 
with sufficient light supply (natural or artificial) so that the plants receive the required 
light for their growth. The pyramid can be removed from the reservoir very easily so 
that the user can change the plants' direction if some of them need more direct access 
to the light source. This also makes the system's maintenance very convenient since all 
the parts can be abstracted, inspected, and cleaned separately. 
2.5 Drip system 
Unlike the Nutrient Film Technique (NFT) and Aeroponic systems, Drip systems require 
a growing medium to support the plants' roots. This feature expands these systems' 
capabilities, allowing the cultivation of almost every type of plant under this technique. 
In contrast to other hydroponic systems, the nutrient solution is slowly dripped above 
the surface and not on the roots, like in soil culture, by small emitters. Figure 21 shows 
a Drip system.     
 
Figure 21: Drip system (Source: www.instructables.com) 
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Drip systems support vertical farming; however, there are not many structures 
currently on the market that take advantage of this feature. Besides, most drip 
structures require a lot of space and are not suitable for indoor home gardens. In 
general, there are no strict rules in the creation of a drip system, so there are many 
variations of these systems. Taking these into account and considering the 
characteristics that a hydroponic home kit should have, the structure designed 
contains some modifications from a typical drip system. Figure 22 shows the Drip 
system. The most significant novelty in this design and its main element of diversity is 
that the plants do not grow in separate pots; instead, they are put in big growing trays.  
 
Figure 22: The Drip System 
In this zigzag-shaped vertical structure, growing takes place in two levels, and in 
the bottom, there is a big reservoir where water is mixed with nutrients. The system 
has the main skeleton (Figure 23), which is the base of all other parts; the reservoir 
(Figure 24), two grow trays (Figure 25), and pipes (Figure 26) that transfer the nutrient 
solution to the plants. One more innovation in the design is that the draining system, 
through which the nutrient solution that the plant does not collect, returns to the 
reservoir is integrated into the main structure. Even though this characteristic makes 
the draining system more challenging to repair, the risk of malfunction or leakage is 
much lower since it is made of the same enhanced material as the main body. 
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Figure 23: The main skeleton 
 
Figure 24: The reservoir 
 
Figure 25: Grow tray 
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Figure 26: Pipes 
The main concern was to create a design as simple as possible so that even 
inexperienced growers could operate it. To do so, apart from the simplification in the 
draining system and the use of big growing trays for a whole floor of plants instead of 
pots for each root separately, the structure should also be easy to maintain and clean. 
The reservoir and growing trays are placed on recesses on the main body's floors and 
can be removed without any difficulty. Furthermore, the irrigation network that 
delivers the water to the plants is made of a vertical pipe that branches into exportable 
emitters on each floor, convenient to assemble. 
All in all, this recovery drip system supports the cultivation of big crops in home 
gardens without requiring much user intervention. A timer sets irrigation circles on a 
water pump in the reservoir, and the nutrient solution recirculates in the system, so 
the only grower's obligation is to observe for any malfunctions from time to time.  
 
 
All structures were designed using the Computer-Aided Design software 
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3 Preparation for 3D Printing  
3D printing is a relatively new manufacturing method suitable for producing the most 
complicated designs. It was decided to print the parts of the NFT system in 
International Hellenic University’s 3D printer to explore the possibilities of developing 
hydroponic systems using the method of 3D printing. 
3.1 The 3D Printing Technology 
3D printing or additive manufacturing is a method of making solid objects from a 3D 
model on a digital file created either on CAD software or by a 3D scanner or by 
photogrammetry software. In 3D printing, in contrast to the traditional subtractive 
manufacturing processes, the objects are being built by adding successive thin layers 
of material one upon the other. Most used materials are polymers; however, literally, 
anything can be printed, from plastic and metal to human tissue.  
The concept of 3D printing was first perceived in the 1950s, but the first 
additive manufacturing equipment was not built earlier than the 1980s. In the early 
years, 3D printing was considered suitable only for prototyping; however, the 
advances in equipment and technology and the introduction of new materials made it 
a reliable manufacturing method for fully functional components.  
3D printing has some significant advantages over traditional manufacturing 
methods. Most importantly, the cost per unit is much lower in small batch production. 
It is also a faster process because it does not require the creation of injection molds 
and casts like in traditional manufacturing. 3D printing produces lighter objects 
because it uses less material and is more precise than other methods. Furthermore, it 
is an additive method, which means that it produces much less waste. Finally, 3D 
printing opens new paths to mass customization and on-demand production, providing 
significant innovations and improvement of services to many industries. 
3.2 3D printing techniques 
Additive manufacturing methods are classified into seven major categories:  
 
Vat photopolymerization  
In Stereolithography, which is the most common technique of this method, an 
ultraviolet laser light cures a liquid photopolymer inside a vat to build the object layer 
by layer. It can be used for strong objects such as tools or molds for other 
manufacturing methods and prototypes to test fit, form, and functionality; however, 
the cost for the equipment and the consumables is very high. A very similar process to 
Stereolithography is Digital Light Processing (DLP); the only difference is the light 
source, which in this case is usually an arc lamp.   
 
Material extrusion  
The most used 3D printing technique is Fused Deposition Modeling (FDM), in which a 
heated nozzle selectively dispenses plastic material on the object. The process takes 
place in an enclosed chamber, and the temperature is a crucial parameter. Objects, 
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tooling, or modular structures from ABS, PLA, or other thermoplastic polymers can be 
produced at a relatively low cost, making this method the most widely used today.  
 
Powder bed fusion 
It includes a range of technologies, such as Selective Laser Sintering (SLS), Selective 
Laser Melting (SLM), Direct Metal Laser Sintering (DMLS), and Electron Beam Melting 
(EBM). Laser or electron beams produce thermal energy that selectively fuses raw 
material powder regions inside an inert atmosphere or vacuum. After a layer is 
completed, it gets lowered, and the next one is added where the same procedure 
takes place. These techniques produce polymers and metals, and post-processing like 
polishing and shot peening is required.   
 
Material jetting 
In the Material Jetting process, droplets of material are applied in layers and are 
hardened by UV light once they touch the surface. It creates high-quality objects in 
detail and is the only method in which the model can be made of different materials; 
however, the models are not very hard.  
 
Binder jetting 
Binder Jetting uses a liquid binder applied through a nozzle to glue selectively powder 
that is spread on layers inside a chamber. It is a fast and cheap process that can create 
metal, polymer, or ceramic parts with color.  
 
Directed energy deposition 
It works by directing thermal energy to melt a raw material, metal powder or wire, and 




This process is used mainly for large parts or tooling. The object is built by bonding 
together sheets of material with external force and then CNC milling it into shape. 
3.3 Industries using 3D printing 
Over the last decade, the use of 3D printing in the manufacturing industry rose 
spectacularly, especially in metalworking, and it is expected to gain even more 
popularity in the next years. 3D printing is currently applied in many industries, and 
people use products created with this method daily. 3D printing creates products such 
as furniture, eyewear, tools, dental products, prosthetics, replicas, and even entire 
houses. Some industries that are adopting this method of manufacturing are: 
 
Automotion 
Car manufacturers are some of the early adopters of 3D printing technology, 
contributing significantly to its evolution. At first, the automotive industry used that 
method for scale prototyping to control parts' form and operation, but as the 
technology evolved, companies started to print tools such as jigs and even end-use 
parts (Figure 27). Furthermore, collectors and old car owners take advantage of the 
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customization and on-demand production that 3D printing offers to create spare parts 
for their cars that are no longer produced.  
 
Figure 27: 3D printed car parts (Soure: www.moldmakingtechnology.com/) 
 
Aviation 
3D printing produces objects with less weight at lower costs, and aircraft 
manufacturers benefit in many ways from this aspect. The aviation industry can now 
consolidate engine parts that previously consisted of many different pieces into one 
component that weighs less and is much stronger. One such example is the fuel nozzle 
for the LEAP engine, produced by GE Aviation, which is the best-selling engine in the 
industry and enables the company to lower the cost per aircraft by up to three million 
dollars just by printing this part. The aerospace industry also uses 3D printing for 
various applications such as combustion chamber liners and other rocket parts.  
 
Healthcare 
The medical sector has deployed 3D printing in a wide range of applications for a long 
time. Hundreds of thousands of implants, prosthetics, hip replacements, hearing aids, 
molds for clear aligners in the dental industry, and many more objects that demand 
customization according to the patient's characteristics are being manufactured at 
much lower costs and higher quality thanks to the benefits of this technology. There is 
also continuous research on bio-printing and the creation of human tissue and even 
organs. Reaching an impressive achievement, in 2019, Tel Aviv University 3D printed a 
heart prototype with accurate structure with human tissue. 
 
Consumer products 
Advances in 3D printing technology made it possible to use it to manufacture 
commercial products in many sectors. The first steps have already been done, and 
markets such as footwear (soles, shoes, etc.), eyewear (frames and lenses), and 
jewelry are estimated to widely adopt 3D printing manufacturing techniques in the 
future, reaching multi-billion revenues by the end of the decade. Adidas has already 
launched shoes with 3D printed midsole in the market and created prototypes of shoes 
entirely produced with that method (Figure 28). 
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Figure 28: Adidas Futurecraft 4D sneakers (Source: www.3dnatives.com/) 
3.4 Printing Preparation on Slicing Software 
In 3D printing, there is a step between the design of the CAD model and its creation on 
the 3D printer. To facilitate the printing process, the STL file needs to "pass" through 
slicing software that divides the object into thin layers and generates a G-code file 
containing specific instructions loaded by the printer. The software used for slicing the 
objects is the BCN3D Cura 3.3.1, and the International Hellenic University’s printer is 
the “BCN3D Sigma R19” working under the FFF technique, similar to FDM.  
The software opens the STL files, and after selecting the printer, there are 
many customizable settings for the user to choose the appropriate values. Figure 29 
shows the software’s control panel. The settings have to do with the object's quality, 
shell, infill, material, temperature, speed, support, build plate adhesion, etc. The NFT 
structure consists of nine different parts, and since it is a multi-level system, some 
parts need to be printed more than once, so the system’s size was scaled down to 
achieve faster printing.  
 
Figure 29: Cura settings 
Finding the balance between not making too long printing procedures and 
maintaining the standards in the parts' quality was the main challenge when choosing 
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the values for the settings. The printer's material is PLA, a thermoplastic polyester 
which is the most used plastic material in 3D printing. The Printing Temperature was 
set at 195°C and the Build Plate Temperature at 65°C. Some settings such as the 
Printing Speed that was set at 50mm/s and the Infill Density at 20% were chosen to 
have the same value in all parts.  
Other values, mainly in quality, shell, and support settings, were adjusted from 
part to part according to the static needs and the levels of detail required in each one. 
For example, Hotend (nozzle size) was set at 0.8mm, and Layer Height was 0.4mm in 
the reservoir and the central column extensions, where details are not essential, and 
the objects are large, to save printing time. Meanwhile, in the tubes, the grow trays, 
and the baskets, where a small detail missed could be crucial, the Hotend was set at 
0.4mm and the Layer Height at 0.2mm. Furthermore, the reservoir, the column 
extensions, and the growing trays require support because otherwise, parts of these 
models would be left hanging in the air during the printing process. On the other hand, 
the tubes and the baskets do not need any support. Some of the software's main 
settings are presented in Table 1.  
 
Table 1: Printer Settings 











Hotend (mm) 0.8 0.8 0.4 0.4 0.4 0.4 
QUALITY 
     
  
Layer Height (mm) 0.4 0.4 0.2 0.2 0.1 0.1 
Initial Layer Height 
(mm) 0.4 0.4 0.2 0.2 0.2 0.2 
SHELL 
     
  
Wall Line Count 2 2 3 3 3 3 
Top Layers  4 4 5 5 5 5 
Bottom Layers 4 4 5 5 5 5 
INFILL 
     
  
Infill Density 20% 20% 20% 20% 20% 20% 
Infill Pattern Grid Grid Grid Grid Grid Grid 
MATERIAL 
     
  
Pr. Temperature (°C) 195 195 195 195 195 195 
BP Temperature (°C) 65 65 65 65 65 65 
Enable Retraction Active Active         
SPEED 
     
  
Infill Speed (mm/s) 50 50 50 50 50 50 
Outer Wall Speed 
(mm/s) 35 35 35 35 35 35 
Inner Wall Speed 
(mm/s) 40 40 40 40 40 40 
Top/Bottom Speed 
(mm/s) 50 50 50 50 50 50 
Travel Speed (mm/s) 120 120 120 120 120 120 
Initial Layer Speed 30 30 30 30 30 30 
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(mm/s) 
SUPPORT 
     
  




buildplate NO NO 
Support Density 15% 15% 15% 15%     
BUILD PLATE 
ADHESION 
     
  
BP Adhesion Type Brim Brim Brim Brim Brim Brim 
Brim Line Count 15 15 15 15 15 15 
After the values were set, the software generated the G-code and prepared 
previews of the models (Figures 30-35). The shell is portrayed in red color, the infill in 
yellow, and the supports in blue. The total printing time and the weight of the models 
in each process are presented in Table 2.  
 
Figure 30: Reservoir preview 
 
Figure 31: Extension preview 
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Figure 32: Upper tray preview 
 
Figure 33: Lower tray preview 
 
 
Figure 34: Baskets preview 
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Figure 35: Tubes preview 
 
Table 2: Printing Duration and Object Weight 






Grow Tray Tubes 
Basket 
(x4) 





Weight 227g 82g 43g 46g 15g 5g 
 
All tubes and a set of four baskets are printed together to reduce the number 
of printing procedures. The two-level NFT system consists of one Reservoir, one 
Extension, two Upper Grow Trays, two Lower Grow Trays, one set of Tubes, and twelve 
Baskets. This means that the total time required for all the parts to be printed is 31 
hours and 4 minutes, and the total weight of the system is 517g. It is a timely process 
that requires several printing sessions and will take place in IHU’s facilities. After the 
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Conclusions 
Hydroponics is a growing technique that is continuously advancing as more and more 
people realize its benefits. It is expected that in the next years, the hydroponics market 
will meet further growth due to the increasing needs for food supply worldwide and 
the scarcity of productive lands. Urban agriculture is a trend deriving from this 
situation, and hydroponics is the most suitable method of growing in urban settings. 
 All hydroponic systems are designed to support vertical farming and can be set 
indoors, providing a small home garden inside the house. The systems work under 
three different techniques; Nutrient Film Technique, Aeroponics and Drip System, and 
support the growth of various crops providing fresh food at any time. Their design is 
compact, consuming very little space, and they are easy to operate, even for amateur 
growers. 
 3D printing is a manufacturing method that produces customized objects with 
higher quality and lower costs. The NFT system was scaled down to be printed in the 
IHU's Sigma R19 machine as a prototype to evaluate the chances of producing 
hydroponic systems using 3D printing.  
 Cura software's slicing process was unique for each part so that printing times 
and quality are optimized. Even for a small prototype, like the NFT system, the total 
printing time on the desktop Sigma R19 printer is 31 hours, so the printing process will 
take place on multiple sessions. However, time is not a concern if the systems are put 
on commercial production because on large industrial 3D printers, printing is much 
faster.    
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